Depression is one of the most debilitating chronic disorders in the United States, affecting 15 million children in homes with depressed mothers, many of whom endure household chaos, inconsistent nurturing, inadequate safety practices, and harsh discipline. Depressed mothers are under diagnosed and undertreated, yet there is broad consensus about the importance of identifying and managing maternal depression, as reflected in recommendations by pediatric and obstetric professional organizations to routinely screen for perinatal depression. Screening was shown to be acceptable to women and most pediatric providers, and adding a screening component need not impair clinic efficiency. Screening, however, is not sufficient, and there are few models in the literature to guide medical practices in implementing successful interventions to identify, treat, and prevent maternal depression, particularly in the pediatric setting. We reviewed the literature and identified six studies that evaluated models for screening and managing mothers' depression in pediatric primary care settings. Some of these interventions have promise, but no studies characterized health outcomes of the depressed mothers and children. We discuss the components of these models, their implementation, and the practice and research needed to create effective pediatrics-based systems to reduce the negative effects of maternal depression on mothers, children, and families. D epression is one of the most debilitating chronic disorders in the United States (1), a fact experienced every day by the 15 million children being raised in homes with depressed mothers (2). Children living with depressed mothers may experience household chaos, inconsistent nurturing, inadequate safety practices, harsh discipline, and child maltreatment (3,4). Compared to nonexposed peers, children of depressed mothers are two to three times more likely to develop psychiatric disorders themselves and to do poorly in school (5-9). Moreover, recent studies suggest that remission of maternal depression is associated with significant improvement in child behavioral and mental health outcomes (10). Children's home, family, and social environments appear to explain the majority of the risk for the intergenerational transmission of depression (11), with genetics contributing less than half of the risk (10, 12) . It is the immediate family environment, what Bronfenbrenner refers to as "proximal processes, " that powerfully shapes children's neural, cognitive, social, and behavioral development (13). Thus, it is imperative to promote the safety and wellbeing of children living in homes with depressed mothers.
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According to the 2009 US National Academies of Science review of maternal depression, "Few opportunities exist to identify the vulnerable population of children living in households with one or more parents experiencing depression or to offer prevention and treatment services that can improve the care of the depressed parent in a framework that also offers services for children" (2) . The pediatric primary care setting provides a unique opportunity for the provision of such services, particularly in the current era, which promotes patient and family-centered care. Recognizing this potential, the American Academy of Pediatrics recommends incorporating screening and referral for maternal depression into routine pediatric practice (14) . There is broad consensus that screening for maternal depression in pediatrics is acceptable to most women (15) and many pediatric providers (16) , and there is good evidence that routine screening does not necessarily impair clinic efficiency (17) (18) (19) (20) (21) . Screening, however, is not sufficient to promote maternal and child well being (22) . Several primary-care-based studies have shown that screening alone does not improve outcomes and that screening programs need to be linked to effective management of maternal depression (including referral when necessary, effective hand-offs to mental health providers, and tracking and follow-up of maternal and child outcomes).
As evidenced by two recent reviews, research supports the efficacy of prevention and treatment of perinatal depression, both with antidepressant medication and psychotherapy (23, 24) . It should be noted however, that most of these clinical trials were not conducted in primary care, and that there is a significant attrition from sites of detection and referral to attendance and engagement in specialty mental health settings (25) . Moreover, the clinical trials in the two reviews only evaluated efficacy, but the effectiveness of such programs delivered in the "real world" has yet to be demonstrated.
In a recent review of postpartum depression screening and management programs across settings, both United States and international (from pediatrics, primary care-, and communitybased), only a fraction were shown to improve maternal outcomes (26) . This review highlighted multiple systems-level barriers to getting women into treatment including requirements for psychiatric evaluations, often off-site, before treatment is provided (26) . To date, much of this work to "bridge the gap" between efficacy and effectiveness has been carried out in obstetrics or community medical settings caring for adults. However, recent studies indicate that many women do not attend obstetric or medical visits after birth. Even for mothers with medically complex pregnancies, only half to two-thirds attend obstetric visits within 3 mo of delivery or make a primary care visit within 1 y of delivery (27) . Therefore, bridging the efficacy to effectiveness gap for mothers of young children is likely to require interventions in pediatric settings. Identifying and addressing maternal depression in pediatrics, however, involves training, ethical, legal, and insurance challenges because mothers are not the identified patients of pediatric providers (28, 29) .
In order to better understand the current practices and optimal strategies for managing maternal depression, it is critical to characterize the models that have been evaluated. We conducted a comprehensive review of the literature evaluating maternal depression intervention models located primarily or solely within pediatric primary care settings that integrate referral and/or management with screening for maternal depression. In this article we seek to: (i) describe recently published models and their core components, (ii) discuss barriers and facilitators to implementing such models, and (iii) highlight future practices and research needed to reduce the effects of maternal depression on mothers, families, and children.
METHODS
We conducted a systematic search of the scientific literature on maternal depression management models in pediatrics, searching three databases, PubMed, Cochrane, and Embase in March 2015. We focused on: (i) maternal depression, (ii) pediatrics, and (iii) screening and management, using a combination of controlled vocabulary (e.g., MeSH) and key word terms. We included only English-language articles published in peer-reviewed journals. Articles were required to report an evaluation of a maternal depression management model delivered through a primary care pediatrics practice. Interventions that only included a screening program were excluded. Studies were included only if they involved at least one element for depression management such as referral for evaluation or treatment, consultation, coordination of care, or follow-up. PubMed and EMBASE records were limited to the past 15 y to ensure comparability of practices and with current practice. All studies reviewed for this paper were publically available. After duplicate records were removed, two authors scanned titles (R.P. and N.S.W.-L.) and four reviewed abstracts (L.M.O., B.S.S., R.P., and N.S.-W.L.) for relevancy. All authors evaluated the full text versions of remaining articles for inclusion. Disagreements were resolved through a consensus process. Additional papers were identified from cross-checking reference lists from relevant empirical articles (L.W.). R.P. and N.S.-W.L. abstracted the final sample into Table 1 .
RESULTS
Our initial scientific literature search yielded 2,850 records (see Figure 1) . After duplicates were deleted, 2,310 remained. From those, all except 93 articles were excluded based on title scanning and abstract review. After a full text review of these articles, only five studies described models and preliminary outcomes of maternal depression management interventions. One additional study, published in May 2015 was identified after the search (30) . Five of the six models reviewed were from the United States, and one was from Greece. Table 1 summarizes the six models, their components, and their reported outcomes. All studies had the goal of improving detection and management of mothers' depressive symptoms. Yet, reflective of the state of this science in pediatrics, maternal depression outcomes and child health outcomes were not reported. Hence, we focus on the design and components of the programs and describe the outcomes they do present, including screening and referral rates, provider knowledge, patient engagement, and patient satisfaction.
Agapidaki et al. (31) describe an intervention based on the Health Belief Model and Social Ecological Theory. The intervention involved physician self-directed learning from a toolkit that included information about maternal depression, guidelines for screening, the Patient Health Questionnaire-2 (PHQ2), a list of community resources for referral, and a screening reminder to be placed in the office (31). Chaudron et al. (28) reported on a universal maternal depression screening program in a university-based pediatric primary care clinic. The intervention consisted of group informational meetings for pediatric residents and nurses regarding implementation of standardized screening, with guidelines for referral to the clinic on-site social worker (28). Wichman et al. (32) evaluated a universal screening program within a collaborative care program in a "Family Clinic" employing physicians board certified in family medicine, internal medicine, or pediatrics. As reviewed elsewhere (33) , collaborative care typically involves development of a care plan within primary care in consultation with a psychiatrist, and comprehensive follow up with a care manager. The Wichman program included nurse-administered screening for depression among mothers of young infants. The nurse scored and communicated the depression score to the physician, as well as the answer to the question on suicidality. The provider determined whether intervention was necessary, including whether to contact the depression care manager. The care manager reviewed all screening These few well-described models for managing mothers' depression in pediatric settings were all designed for active pediatric practices, and several also had access to adult specialists (e.g., internist or family practitioners) on-site. The programs vary in intensity, theoretical orientation, and the breadth of provider education. Only two of the six interventions (30,31) did not include an on-site mental health professional (e.g., social worker or care manager) to whom the provider could refer women who screened positive (Fernandez y Garcia et al. did have a trained research assistant who provided follow up). While the intervention described in Agapidaki et al. increased provider knowledge and self-efficacy, it did not increase screening and referral, which the authors suggested may have been related to lack of confidence in or coordination with local mental health providers. Although the other four programs had on-site social workers or care coordinators, their presence did not guarantee screening would occur: two models that implemented universal maternal depression screening protocols still found that less than half of mothers were screened for depression (28, 32) . The failure to screen more than half the mothers of pediatric patients in these relatively well-resourced "universal" screening programs highlights the challenges to implementing protocols for addressing maternal mental health, unrelated to the efficacy of screening, or depression treatment.
The program approaches and reported outcomes ranged from improving provider knowledge of psychosocial risk, to screening rates to patient satisfaction. Pediatric residents in the SEEK model received an 8-h group training session as well as a 1-h booster session, in addition to receiving written materials, all in the context of a universal screening for family risks. In contrast, the Agapidaki model only included mailed training materials to providers. The SEEK model sustained provider knowledge effects up to 2 y (37,38). The Agapidaki model did not show differences between the control and the intervention groups in terms of screening or referral practices, although these rates were self-reported (31) . SEEK, on the other hand, reported a large difference in documented screening frequency 18 mo after the provider education Review intervention; 88% of patients' mothers compared to 16% in the control group (37) . And, lastly, the stepped care approach outlined by Feinberg et al. is promising based on good acceptability and feasibility in interviews (34, 35) . These also characterized mothers' concerns regarding fear of stigma and child protective service involvement (among immigrant mothers in particular). Their results regarding effectiveness are not yet published (34, 35) .
DISCUSSION
This paper identified and reviewed current literature describing maternal depression intervention models in pediatric primary care that go beyond screening for maternal depression and implement a management protocol. Program models varied in terms of whether they included provider training, supports for referral, consultation, and/or follow-up. Only six models met our search criteria by providing sufficient description of the intervention and at least preliminary outcomes. None reported maternal or child health outcomes such as maternal depression symptoms or child's behavior. Study outcomes included the proportion of mothers screened, the proportion referred to care, provider knowledge change, patient satisfaction, and patient engagement.
Barriers to Depression Detection and Management in Pediatric Settings
The lack of published literature is not surprising given the array of potential physician, patient, practice, and systems-level barriers to addressing mothers' needs in the pediatric setting. With respect to provider and practice-level barriers, in 2002, Olson et al. found that nearly 60% of surveyed pediatricians felt responsible for recognizing maternal depression, yet they identified a range of barriers to maternal depression management, including lack of time in the visit and insufficient training or preparation to diagnose, counsel or treat mothers with depression (16) . While pediatrics residency training has included greater emphasis on the psychosocial aspects of children's lives over the past decade, there continues to be a paucity of training on maternal depression and adult mental health issues. Based on a national survey of pediatricians in the American Academy of Pediatrics, Head et al. (39) reported that pediatricians with more training and experience in adult mental health issues, those who used systematic identification methods (i.e., screening tools), and those who believed mental health services were available in their communities were less likely to report barriers to depression management. Unfortunately, 80% of pediatric resident respondents reported not receiving any training in techniques to manage adult mental health problems. With respect to practice-level barriers, developing and maintaining effective referral tracking systems (as has been done in adult collaborative care programs) appears to be important but underutilized. Only one of the models in our review, the Care Manager Model, had a staff member dedicated to patient screening, referrals and entry to mental health care (32) . The importance of follow-up and tracking was also highlighted in the Fernandez y Garcia model, which demonstrated a promising effect of targeted outreach and follow up with screen positive mothers with respect to initiation of help seeking.
Based on our review, models that addressed the following barriers were most successful at engaging mothers in screening and completing referrals: engaging physicians and/or mothers in meaningful education; expecting universal screening with easy access to screeners; and easy linkage to colocated or community-based care managers or social workers to facilitate a smooth referral process. With the increasing use of electronic medical records, physician prompts, and screening tools can be successfully integrated into routine care, as the electronic medical records can facilitate maternal depression identification and linkage to care, and tracking of referrals. In a randomized trial, Carroll et al. (40) demonstrated higher identification and referral rates for pediatricians whose patients automatically received a prescreening and "just in time" delivery of referral materials than for pediatricians who were given a reminder to screen during the appointment. Billing for maternal mental health treatment in pediatric primary care and funding for colocated care coordinators, case managers, and mental health providers remain major systems-level barriers to effective implementation.
Lessons in Maternal Depression Management to Be Learned From Nonpediatric Settings
Although research in this area is just beginning in pediatrics, we can learn from maternal depression management systems in obstetrics and family medicine settings where numerous intervention studies have shown efficacy (41) (42) (43) (44) (45) (46) (47) (48) (49) . These clinics vary in the types of providers they employ, from obstetricians to mother-only general practitioners to maternal-child clinics but all differ from the pediatric models in that the providers are already the women's providers (as opposed to her children's). Nevertheless, these models contain elements that may be useful in pediatric practices.
Several studies describe models for managing depression in maternal health care settings (42) (43) (44) (45) 50, 51) . Miller et al., working with a largely Hispanic clientele in an urban community health center, trained providers in screening, assessment, and treatment engagement strategies, with care provided by onsite general providers and referral to a psychiatrist for only the most complicated cases (45) . Their on-site assessment rate improved from 10 to 84%, and the number of mothers entering treatment improved from none to 90%. They provide a practical training model for primary providers that could be adapted to a pediatric setting without need for additional mother-specific providers. Yawn et al. 's Translating Research into Practice for Postpartum Depression study was carried out in family medicine practices (50) . Intervention sites received education and tools for postpartum depression screening and therapy initiation, including plans for follow-up visits, prescription support tools, and education about cognitive behavioral therapy and nursing follow-up calls to monitor medication initiation, adherence and side effects. Women in the intervention group were more likely to receive a diagnosis and therapy for postpartum depression, and tended to have lower depressive symptom levels at 6 and 12 mo postpartum (50) . Leung et al. (51) conducted a randomized controlled trial of structured screening using the Edinburgh Postnatal Depression Scale in Maternal and Child Health Centers in Hong Kong (which provide preventive care to mothers and children up to age 5 y), with control mothers receiving general clinical assessment (usual care). For this trial, clinic nurses were trained in "nondirective counseling" for maternal depression and received ongoing support from a community psychiatric team (to whom patients could also be referred). Both arms of the study had access to nondirective counseling or psychiatric team referral. Participants in the intervention arm were less likely to be above the study-established cutoff on Edinburgh Postnatal Depression Scale at 6 mo postpartum (51) .
Finally, Kuosmanen et al. (41) described a different model in a clinic in Finland that provided primary care for both mothers and children. Although this model involved the expense of employing a new staff member-a mental health nurse-to conduct assessment and treatment, the primary care doctors also utilized a psychiatrist phone supervision service to manage more challenging cases, successfully incorporating most depression treatment within the mother and child clinic. This model highlights an advantage of delivering maternal and child health care in the same setting, as it eliminates one of the most fundamental barriers to maternal depression management in pediatrics.
The successful models in women's health care settings incorporate a comprehensive approach, with universal screening, substantial provider training (including in therapeutic strategies), mental health consultation and/or on-site mental health providers, and substantial support to ensure that referrals are completed (e.g. via nurse case managers). Many of the above interventions contain elements of collaborative care, a primary care-based model of mental health care with substantial empirical support for efficacy (52) ; that are expanding to include the obstetric setting (53) . Core elements of collaborative care include: (i) joint definition of the problem (by the patient and care provider), (ii) joint development of a care plan, (iii) provision of support for effective self-management and training in affective, behavioral and cognitive change, and (iv) active, sustained follow up (53) and a caseload registry (54) which can help track patient progress and engagement. Factors found to be predictive of successful implementation of collaborative care programs or higher patient activation rates include strong leadership support, well-defined and implemented care manager roles, a primary care physician champion, an on-site and accessible care manager (54) . Factors correlated with clinical outcomes (depression remission) included having an engaged psychiatrist, not seeing operating costs as a barrier to participation, and face-to-face communication (warm handoffs) between primary care practitioners and case managers (55) . It is likely that many of these same ingredients are applicable to the management of maternal depression in pediatric settings.
Our search of the literature was systematic yet there are two limitations to this study. First, we searched English-language articles only and second, we did not use strict criteria to assess the methodological rigor of each study. Studies needed to report a systematic intervention and outcomes, but given the immature state of the science of managing maternal depression in pediatrics it was not possible to be more restrictive in the selection of studies.
CONCLUSION: IMPROVING THE MANAGEMENT OF MATERNAL DEPRESSION IN PEDIATRICS
Several issues merit consideration in creating an agenda for future development and research that can address the current shortcomings of pediatric interventions and incorporate lessons learned from other settings. We learned several lessons from the six pediatrics studies: First, pediatric provider training on maternal depression detection and management is necessary but insufficient. Second, supports are needed to prompt screening and track referrals, as several 'universal screening' programs encountered relatively low rates both of screening and of referrals of positive screens. There is potential for the electronic medical records to play a role in maximizing screening and referral rates. Third, on-site care coordinators dedicated to engaging mothers, interfacing with providers and assuring follow-up appears promising. From settings outside of pediatrics, we learned that elements of collaborative care (e.g., including active case management/care coordination, availability of brief on-site counseling and psychiatrist consultation), a well-studied model of integrated mental health care (defined by the Substance Abuse and Mental Health Services Administration as "the systematic coordination of general and behavioral healthcare"), have proven effective in obstetric and maternal health settings and should be considered for inclusion in pediatric-based models.
Specifically, practice recommendations include the necessity of training pediatric providers from a variety of allied health fields, such as medicine, nursing and social work, about maternal depression and related risk factors. In particular, the model of training residents and other health professionals during their clinical training offers the most potential for affecting long-term change in depression management. A potential approach to improving the management of mental health and other family risk factors in primary care pediatrics that shows promise but was not incorporated into any of the reviewed programs is that of training providers in a "common factors approach" (56) . This involves ensuring providers have basic understanding of emotional problems and behavior change processes, can build positive expectancies, understand, and respond to the patient's and family's formulation of their distress, and can build therapeutic alliances-general skills that are common to successful management of a range of mental health problems. These skills can foster the ability of pediatric providers to manage not only the mental health concerns of their patients, but also those of their patients' parents.
In addition to the practice changes and issues highlighted throughout this paper, more rigorous study designs are essential to establish an evidence base for primary care pediatrics interventions that can effectively address maternal depression. A critical aspect for development and adoption of effective depression management in pediatrics is demonstrating the value of such programs to children's health, an aspect that is missing from
